The paper presents a statistical analysis of annual maxima daily streamflow between 1931 and 2013 in South-East Brazil 
Introduction
Although it is recognized that natural streamflow process is inherently a nonstationary process, hydrologists performing flood frequency analysis applied to water resources management and planning problems usually assume stationarity of historical flood time series whenever the drainage system and the land cover in the studied watershed remain without obvious substantial changes. In many watersheds which drainage systems and land covers are known to have been impacted by minor natural and man-induced events, estimation of future flood frequency conditions can be improved with procedures for detecting and modelling non-stationarity in historical time series.
Climate change has put another potential source of non-stationarity increasing the interest on detection and modelling non-stationarity in flood time series.
The large valleys in South-East Brazil are among the economic heartland of the country. Protection of its flood-prone areas is provided by multiple purpose reservoir systems built during 20th century, which design and operation plans has been done assuming stationarity of flood time series. Land cover changes and rapidly-increasing level of atmosphere greenhouse gases of the last century may be affecting flood regimes in these valleys so that it can be that non-stationary modelling should be applied to reassess dam safety and flood control operation rules at the existent reservoir system.
The paper present a statistical analysis of annual maxima daily streamflow between 1931 and 2013 in South-East Brazil focused in detecting and modelling nonstationarity aspects. Section 2 presents a description of the six analyzed annual maximum daily streamflow time series, it´s time plots together with smooth fitted curves and results of non-parametric statistical tests for assessing the significance of trends found in the series. Section 3 discusses the representation of location non-stationarity in the analyzed series by fitting univariate extreme value distribution functions which locations vary linearly with time. Section 4 gives conclusions.
Descriptive Statistics, Time Plots and Non-Parametric Tests for Trend
The Brazilian national electrical system operator (ONS) maintains a database with records of natural streamflow since 1931 for the main hydropower plants in the country, which operation is on its responsibility. These natural streamflow values are obtained from field measured streamflow values which latter on are corrected to consider known upstream abstractions from the river flow and filling/draining operation of reservoirs. No correction is provided for considering other anthropogenic activities in the hydrograph basin, like land use changes, neither for considering changes in the precipitation regimes.
The stationarity assumption is considered in the stochastic daily streamflow model used for designing flood control operation rules for the hydropower plants reservoirs (Costa et al., 2014) .
For this study it was chosen streamflow time series from six hydropower plants located in Brazilian South-East valleys ( Table 1) The time series were tested for trend using non-parametric procedures provided
by Spearman´s rho and Mann-Kendall tests. Table 2 shows that at the significance level of 0.05 (5%) the two procedures yielded the same conclusion in every series, which is to asses as non-significant the trends in the Água Vermelha and Aimorés time series otherwise asses as significant the trends in the other four time series. 
Stationary and non-stationary modeling using extreme value distributions
Gumbel´s theory of extreme value statistics was used for modeling the distribution of the annual daily streamflow maxima by considering the family of extreme value distributions referred to as Generalized Extreme Value (GEV) distributions, which cumulative probability function (CDF) are:
where ∞<µ<∞ is a location parameter, ߪ > 0 is a scale parameter and k a shape parameter. . The case k=0 is obtained taking the limit as k→0 in (1) to find the Extreme Value type 1 (EV1) or Gumbel distribution valid for ∞<x<∞ given by:
Modeling non-stationarity in the annual maximum daily streamflow time series was done by representing trends in the location parameter µ with a linear function of the year t as:
where µ1 is location change rate in percent/years.
Stationary and non-stationary models were fitted to the annual maximum daily streamflow time series by maximum likelihood with the aid of the R package extRemes, version 2.0-5 (Gilleland and Katz, 2011).
For stationary models, both Gumbel and GEV distributions were considered and likelihood-ratio statistics were calculated to assess the significance of the estimated GEV shape parameters. Figure 2 present for each series the comparison of the goodness of fit of both distribution and the p-levels attained by likelihood-ratio statistics.
Figure 2-Goodness of fit of fitted stationary GEV (solid red curve) and Gumbel (dashed blue straight line) distributions and likelihood-ratio statistics p-level.
For non-stationary models, GEV distributions was considered only for series which estimated shape parameters in the stationary model proved significant at the 0.05 level (Água Vermelha, Jupiá and Paraibuna) and Gumbel distributions was considered for the other series. Two non-stationary models were fitted: Model 1 assumes that equation (3) is valid for all t whereas Model 2 assumes equation (3) Figure 5-Annual Maximum daily streamflow series and curves of (0.03, 0.5, 0.97) quantiles estimates for stationary models at Água Vermelha and Aimorés and for nonstationary Models 1 at the other sites Figure 6 -Annual Maximum daily streamflow series and curves of (0.03, 0.5, 0.97) quantiles estimates for stationary models at Água Vermelha and Aimorés and for nonstationary Models 2 at the other sites
Conclusions
The results of non-parametric trend tests identified significant positive trends in 4 out of 6 analyzed maximum daily flow time series at South-East Brazilian valleys. Two extreme value non-stationary modeling options imposing a linear equation for the location parameter either for all the period or for only in a limited portion of it (1955 to 1990) attained statistically similar goodness of fit, although the practical consequences of either model in re-assessing dam safety and flood control operation rules at the existent reservoir system in these valleys can be very different.
